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Abstract 
 
New scientific fields often grow from the intersections and boundaries between existing 
disciplines. Before these new domains are well established, with important authors and 
key journals, publications are usually mixed into the journals and conferences of the 
parent domains, making it difficult to identify core works. This paper presents a validated 
approach that begins by finding authors in three disciplines who are contributing to the 
emerging field of quantitative microbial risk analysis, then mining their coauthors and 
citations to characterize the new domain. The algorithm's results are more 
comprehensive if the solution sets for the three fields are combined for processing at the 
end, rather than treating the new field as already established in the intersection of the 
selected authors. 
 
Introduction 
 
Scientific disciplines do not spring into existence, fully characterized by important authors and 
key journals. They grow over time, often in the fertile conceptual space where existing fields 
overlap (McCain, 1995). However, the growth is not always easy. Each of the “parent” fields has 
its own model of the world—different perspectives on what ideas are important, different 
language, &c. This conceptual mismatch hinders communication, fails to discourage needless 
duplication of effort, and creates an environment where undiscovered public knowledge 
(Swanson, 1986) may remain undiscovered. 
 
In order to foster more cohesion in the new field, it would be useful to identify or establish some 
common reference points, and examine how the representatives from each of the participating 
fields refer to this core area. From there, it should be easier to identify important elements in a 
cross-domain ontology, and if the representations are sufficiently rich, translate new knowledge 
from one of the parent disciplines into a digestible form for a researcher in another (Doerr, 
Hunter, & Lagoze, 2003).  
 
As a first step toward that goal, this paper describes an adaptation of an established bibliometric 
approach to identify the core of a domain. Our approach begins with a set of seed authors in the 
target domain, from which it builds a network of authors and publications that characterize the 
core of the domain. We limit the analyses to smaller domains that may not have enough works 
collected to support richer statistical techniques.  
 
The algorithm is intended to run with minimal human involvement. We first validate it in a single 
domain, case-based reasoning, in order to understand its power and limitations. We then apply 
it to a more complex situation, three subfields within the emerging interdisciplinary science of 
microbial risk assessment, where it will be difficult for any individual to keep track of differing 
perspectives on key works in multiple fields. The latter context is the subject of a larger 
knowledge management study; our bibliometric network is intended to help establish 
relationships between the subfields that will be useful for connecting researchers to related work 
outside their own field. 
 
The next section briefly summarizes the use of bibliometric techniques to characterize a domain 
in this way, and introduces quantitative microbial risk assessment in more detail. Following that, 
we describe the methods used in this study. We then present the validation of the technique and 
the preliminary results from applying it to quantitative microbial risk assessment. The concluding 
remarks include a discussion of the limitations of this study, as well as some directions for future 
work.  
 
Background 
 
Using Domain Analytic Techniques to Describe a Scientific Field 
 
Hjørland and Albrechtsen (1995) introduced the term domain analysis to describe a 
research front in information science which postulates that a knowledge domain, such as a 
scientific discipline, can be understood at least in part by exploring the discourse of its 
participants. This philosophical formulation was based in part on much older work by 
Garfield, among others, who pioneered the idea as early as the 1950s that we could learn 
about science by studying its citation networks. Major studies, such as the thorough 
bibliometric analysis of information science conducted by White and McCain (1998), have 
been used to draw maps of large disciplines to identify the central ideas and key players, 
and show how they have changed over time. 
 
That famous study was based on author co-citation analysis, which operates under the 
basic assumption that two authors who are frequently cited alongside each other are 
probably doing closely related work. Over the course of the past few decades, other 
researchers have explored the interrelationships surrounding almost every conceivable 
bibliometric or scientometric variable as a means of contributing to what we now call domain 
analysis. The theoretical foundation underlying all these studies is the same: some piece or 
pieces of the record of scientific work can be arranged and interpreted in such a way to give 
us a mental model of what is important in that domain (Hjørland & Albrechtsen, 1995). We 
know this domain model is not complete (Swanson, 1988), but it is often better than having 
no model. 
 
More recently, Garfield developed a technique to identify the historical core of a body of 
scientific literature by using citation networks (Garfield, 2001). The algorithm starts with a 
small set of papers and collects counts of which papers that seed set cites, and which 
papers cite them, bootstrapping a citation network. This approach is general enough in its 
design that it can be adapted to account for data that are far less spread across time, and 
like other bibliometric techniques, can be applied to units of analysis other than the 
published article.  
 
Like Garfield’s approach, we use publications as the source of our data, but from them we 
build a network of authors instead of citations. The details of this approach are described 
below. The result is an adaptation of Garfield’s approach that focuses on both papers and 
authors, as a broader characterization of the core of a domain. 
 
Quantitative Microbial Risk Assessment 
 
Microbial risk assessment (MRA) combines elements of several established disciplines, 
such as microbiology, epidemiology, sociology, and public policy, in an effort to assess, 
communicate, and manage threats to public health posed by biological agents (Haas, Rose, 
& Gerba, 1999). While all of these fields existed independently for decades, and all often 
contributed to discussions of public health, the need to organize and collaborate was laid out 
relatively recently (ILSI, 1996). As the field is still in its infancy, it has not yet established its 
own journals, and must rely on articles spread throughout those of the constituent 
disciplines. Thus, a bibliometric characterization of MRA should focus more on authors and 
individual documents than journals.   
 
MRA, like many multidisciplinary fields, includes both quantitative and qualitative research. 
For this work, we focus on three of the more quantitative parent fields. While it is true that 
there are distinctions for every discipline, the publication and citation patterns of MRA’s 
natural sciences are more similar to each other than they are to the often qualitative social 
sciences. A research area called microbial detection, fate, and transport is the study of how 
to ascertain the presence and nature of pathogens, as well as the conditions of their survival 
and the mechanics of their spread in the environment. The field of epidemiology contributes 
to MRA a synthesis of the models of microbial fate and transport with those of human 
behavior. Finally, it is necessary to understand the actual health risks associated with an 
individual’s exposure to pathogens; this is the domain of dose–response assessment. For 
this paper, we refer to the combination of these three domains as QMRA. 
 
Methods 
 
This paper presents a two-step approach to identify the core authors and documents in an 
emerging multi-disciplinary field. The first step is to characterize the original disciplines in the 
context of the new superdomain. Because of its interdisciplinary focus, this will identify a 
different core than would a broad-spectrum analysis of each parent field. Following that, the 
second step is to determine the overlap between those contextual cores. This overlap set 
should be a good approximation of the core of the nascent field. 
 
Step 1: Identifying Contextual Core Authors in the Subfields Using Iterative Chaining 
 
The goal of this step is a set of authors from each of the subfields who work in QMRA. This 
set “defines the scholarly landscape being mapped” (McCain, 1990), so it is important that 
they be selected not only for their importance in their own disciplines, but for their 
contribution to QMRA as representatives of those disciplines. To distinguish these QMRA-
specific sets of authors from the more general core author sets in those disciplines, we call 
them contextual core sets. In order to derive these contextual core sets, we have chosen an 
approach that starts with a small set of seed authors, specified in advance by domain 
experts, and expands it through citation and coauthorship chaining. 
 
A list of each known author’s papers (initially only the seed authors) is collected from the ISI 
Web of Science® databases. Because there is no guarantee that a name associated with a 
particular paper represents the same person as the author being considered (there may be 
more than one “J. Smith”), the papers are only included in the analysis if they are 
coauthored by or cite other people in the list of known authors. The coauthors and cited 
authors of each of the known authors are all tallied. A person who ranks highly on both lists 
is very likely working in the same subject area as the known authors. 
 
Those lists—coauthors and cited authors—must be combined in order to determine a single 
set of core authors, but it may not make sense for the lists to be weighted equally. To 
account for this, a coefficient, ρ, is introduced as a scaling factor for authors who are cited. It 
is defined as the ratio of weight for citation to weight for coauthorship. When ρ = 1, they are 
weighted equally; if ρ < 1, being cited gives an author less consideration for inclusion in the 
core than being a coauthor. The value may be domain-specific. The sum of the number of 
papers coauthored with the current set of known authors and the ρ-weighted number of 
times cited by the known authors is a potential author’s inclusion score. 
 
The process proceeds iteratively: those authors whose inclusion score is above some 
threshold, C, are then added to the list of known authors, one at a time (starting with the 
highest score), and the process repeats. Whenever an author is added, every known 
author’s papers are examined again for clues that it should be associated with the domain, 
and therefore included in the counts for coauthorship and citation.  
 
To overcome the influence of existing collaborations between authors in different fields, 
which would pull the analysis toward the common center, rather than the individual centers 
of the three disciplines, we run the analyses on the subfields stepwise-simultaneously. 
Before an author is added to the working set for one field, we check to be sure he or she is 
not already associated with another field. If so, that author is removed from consideration. It 
is possible that an author who has worked in (or collaborated with) all the subfields will be 
ranked highly on all three lists but not added to the working set of any; these people are also 
removed from consideration. This modification ensures that the authors are in the areas with 
which they have the strongest association (Christoffersen, 2004). 
 
Each time the list of known authors grows, the list of papers counted for coauthorship and 
citation also grows. The value of C is increased proportionally; it is specified as a 
percentage of the size of the working set of documents. This allows convergence to a stable 
set of authors, where there are no unknown authors with scores above the inclusion 
threshold. Note that it is possible that the seed authors, as well as others who are added as 
part of the chaining process, may not end up with scores that are above the threshold. 
 
From the stable group of known authors, we can easily identify the most frequently cited 
works and, if the sample set is large enough, journals. These sets (authors, works, and 
journals) are the bibliometric characterization of the domain. If necessary, they may be 
ranked according to some measure of frequency or centrality. 
 
This approach requires two different validation steps. First, we must show the extent to 
which the initial seed authors affect the final set. Our hypothesis in this step is that the effect 
of chaining, while still subject to the overall problems of citation patterns, will overcome most 
of the individual differences between authors. Provided there are no major schisms between 
rival schools of thought, most citation chains will eventually point to the same core. Second, 
we must determine whether the identified contextual core (authors, documents, and 
journals) is accurate and sufficient to proceed to the next step in the overall analysis. This is 
much more subjective, and we rely on the judgment of experts. 
 
Step 2: Combining the Parent Fields’ Characterizations 
 
Next, we combine the contextual core authors form Step 1 to create a superset for the 
QMRA domain. The intuition is that works that are highly cited by all three groups are clearly 
central to QMRA. Works that are common to only two of the three may also be interesting as 
evidence of commonality between the fields, or it may be a warning that the excluded field is 
unaware of the work, or that it has some alternative source for that work’s concepts which 
must be mapped back to it.  
 
In order to identify the overlap between the sets, we include the contextual core authors 
from each in a single, unified set, and use that set as the seed for another round of iterative 
chaining. This phase will bring to the foreground the authors who have participated in 
collaborations between the subfields, especially those who have worked in all three 
subfields, who may have been suppressed in the previous step.  
 
This step is based on the assumption that the subfields should be analyzed independently 
before being combined, that is, that the emerging field is not mature enough to be subjected 
to analysis on its own. As an evaluation of this, we compare the results of this step with 
those of that alternative approach: taking the initial seed authors from step 1 and combining 
them into a unified seed set for chaining without having expanded them to the contextual 
cores of the subfields. 
 
Validation of the Proposed Chaining Technique 
 
Source data for the validation study and preliminary results presented below were collected 
from ISI Web of Science®, using all three citation databases (SCI-EXPANDED, SSCI, and 
A&HCI) across the years 1990 to 2005. Where possible, authors’ names were tested with and 
without middle initials, with the counts combined when being compared to the inclusion 
threshold.  
 
Seed Authors’ Influence on Contextual Cores 
 
The way to determine the seed set’s influence on the resulting core, in any domain, is to 
conduct the chaining process using several different seed sets, and compare the results. 
The major obstacle to such a test in QMRA is the availability of disjoint seed sets. Because 
we wanted to restrict the first chaining step to contextual cores, that is, authors who are 
doing QMRA work as part of one (or more) of the three subfields, and because QMRA is a 
relatively new discipline that encourages collaboration, we did not have sufficient diversity in 
the author sets for every field to fully validate this. 
 
Instead, we applied the chaining step to a larger, unrelated field where our domain 
knowledge could be used to understand the results. For this, we chose case-based 
reasoning (CBR), a subfield within artificial intelligence that is large enough to have its own 
conferences, but still small enough that it does not have its own journals. Given our reliance 
on ISI Web of Science® data, we believe the lack of dedicated journals makes a convincing 
parallel to a subfield of QMRA.  
 
Table 1. Chaining CBR Authors 
 
Seed Set Author Name Result 1 Result 2 Result 3 Total 
1 Aamodt A yes   1 
1 Aha DW yes yes yes 3 
2 Branting LK  no  0 
 Bridge D no   0 
3 Burke RD yes yes yes 3 
 Carbonell JG  yes  1 
 Chandrasekaran B  yes  1 
3 Cunningham P yes  yes 2 
 Goel AK yes yes yes 3 
2 Hammond KJ yes yes yes 3 
2 Kolodner JL yes yes yes 3 
2 Leake DB yes yes yes 3 
3 Lenz M   yes 1 
 McCarthy K yes yes  2 
 McGinty L yes yes yes 3 
3 McKenna E   no 0 
 McSherry D yes yes yes 3 
 Minton SN  yes  1 
 Mitchell TM  yes  1 
 Newell A  yes  1 
 Quinlan JR yes yes yes 3 
 Ram A yes yes yes 3 
 Reilly J yes yes  2 
1 Richter MM no   0 
 Riesbeck CK  no  0 
2 Schank RC yes yes yes 3 
 Shimazu H yes yes yes 3 
1 Smyth B yes yes yes 3 
 Stroulia E  yes  1 
3 Sycara KP   yes 1 
 Veloso MM  yes  1 
 Watson I   yes 1 
3 Weber RO   no 0 
 
We began with three disjoint sets of well-known authors in CBR, and performed the chaining 
step described above for each, with ρ = 1 (citation is weighted equally with coauthorship) 
and C = 15% (the percentage of papers an author must be cited in or coauthor of to be 
included). The first column in Table 1 indicates which (if any) of the seed sets had as a 
member the author named in the second column. After the authors’ names, the remaining 
columns show each author’s membership in the result sets of the three analyses: “yes” 
means the author was included, “no” means he or she was considered as part of the 
analysis, but did not meet the final threshold for inclusion, and a blank cell means the author 
was not considered. The rightmost column shows the total number of result sets in which the 
author was a member. 
 
As is evident, there was a very high degree of overlap—if an author is in one result set, he 
or she is very likely to be in at least one other. Of the authors who appeared in any result set, 
the average number they appeared in is 2.07. Note that in six cases, authors who were 
included in the chaining were not included in any of the result sets, and in four of those 
(Branting, McKenna, Richter, and Weber), the author had been a member of the seed set.  
 
The chaining procedure is somewhat sensitive to the composition of the seed set. However, 
it is clear that the differences are small compared to the size of the sets. Of the 17 authors in 
Result Set 1, only 1 author, Aamodt, was unique in that he did not appear in another result 
set.  For Result Set 2, 7 of the 22 were unique, and for Result Set 3, 3 of the 17 were unique, 
for an overall average of 19.6% of result sets being unique. 
 
The three studies identified 250, 289, and 257 documents, respectively, with a high degree 
of similarity between the lists. When ranked by the number of times the paper was cited by 
the authors in the final result set, the most cited papers are reordered slightly for each of the 
three trials, but 21 papers appear in common in the top 25 of all three lists. 
 
Quality of Cores Identified Through Chaining 
 
In the CBR study above, the three different result sets represent three different possible 
cores for the field. As is typical of bibliometric research, the only guidance to explain why 
authors may be included in or excluded from otherwise similar sets is the exploration of 
individual authors and papers. Overall quality of a set is purely subjective, but there are 
some indications that can be described. 
 
All of the researchers in the table are well known in the CBR community, so exclusion from a 
result set is more telling than inclusion. Most notable is Aamodt, who is very highly cited for 
his paper with Plaza (1994) describing the CBR cycle—ISI Web of Science® lists 417 
citations for it. However, in the source databases, Aamodt only has 10 papers between 1990 
and 2005 that relate to CBR. Of these, none are coauthored with any of the authors that 
were considered for chaining in any of the tests. So, at least one of his works is very 
important to the field, but the initial weight given to collaboration in the chaining technique 
caused him to be excluded from two of the three result sets. Changing the weight to favor 
citation with twice as much weight as coauthorship (ρ = 2) caused him to be included in all 
three analysis, but still omitted from Result Set 2.  
 
The core of a domain is more than an author list, however—it also includes the list of papers 
that were used to generate the result set. Further, these papers can be ranked by the 
number of times they are cited by the authors in the result set. The Aamodt and Plaza paper 
is near the top of all three trials (ranked 6, 24, and 6, respectively) in this validation study 
because it is so highly regarded.  
 
Similar explorations may be conducted for any other authors or papers whose inclusion (or 
exclusion) is questionable. The chaining parameters ρ and C may be tuned to satisfy any 
domain expert’s opinion of the quality of the set, but the expert making the judgment must 
consider both sides of the output, and the context in which the output will be used. The 
author lists above (and their corresponding seed sets) are all capable of generating a list of 
papers that includes the most highly cited works. If the purpose, as in the greater research 
context for this study (a system to support managing scientific knowledge), is to identify core 
works, the quality is not necessarily low because a famous author is excluded, provided his 
important papers are included. 
 
Preliminary Results 
 
This study is part of the knowledge management component in a larger MRA research project, 
so the participating investigators from each of the selected disciplines are ideal choices for the 
initial set of “known” authors. Based on the seed validation study above, if some of the 
researchers are not actually central to QMRA work in their respective domains as defined by 
bibliometric tests, they will likely “fall out” of the analysis and be replaced by authors who are 
considered central.   
 
Step 1: The Contextual Cores 
 
The approach was seeded with 8, 4, and 3 known authors representing the three parent 
disciplines. The citation weight ρ was set to 1, and the inclusion threshold C was set to 20% 
of the number of articles being evaluated. The value of C also proved too restrictive, so 
levels at 15% and 10% were also tested.  The 10% level did not converge in a set of 30 
authors for any of the fields, but the 15% level did. The size of the core author sets for the 
three disciplines at C = 15% are 9, 12, and 7; in all cases, only 2 of the original seeds are 
included in the final set. 
 
Table 2. Contextual Cores of QMRA Subfields 
 
 Microbial Detection, 
Fate, & Transport 
Epidemiology Dose–Response 
Assessment 
Seed Authors 
Included in  
Result Set 
Gerba CP 
Pepper IL 
Eisenberg JNS 
Koopman JS 
Haas CN 
Teunis PFM 
Other Authors 
Included in  
Result Set 
Abbaszadegan M 
Dowd SE 
Hurst CJ 
Josephson KL 
Pillai SD 
Sobsey MD 
Straub TM 
Barwick RS 
Brookhart MA 
Calderon RL 
Colford JM 
Craun GF 
Frost FJ 
Goldstein ST 
Levy DA 
Mac Kenzie WR 
Wade TJ 
Crockett CS 
DuPont HL 
Furumoto WA 
Havelaar AH 
Medema GH 
Seed Authors 
Excluded from 
Result Set 
Choi CY 
Hashsham SA 
Keim P 
McKone TE 
Nazaroff WW 
Nicas M 
Hubbard AH 
Reingold AL 
Bolin CA 
 
Table 2 shows the result sets for each of the three subfields, as well as the seed authors 
that were used to derive the result sets but did not meet the C = 15% inclusion threshold. As 
with the CBR study above, inclusion in the set of contextual core authors cannot be 
interpreted as anything other than a measure of coauthorship with and citation by the other 
authors in the contextual core.  
 
The lists of publications for the three fields have 310, 178, and 81 papers, respectively. The 
high variance is a result of the differing publication patterns in the different disciplines: dose–
response studies tend to have fewer coauthors and references than the other two fields. 
 
Step 2: The Combined Core of QMRA 
 
When the 28 authors in the three contextual core sets are combined, only 15 are retained in 
the final result set: 8 from Microbial Detection, Fate, & Transport; 3 from Epidemiology, and 
4 from Dose–Response Assessment. Of the original seeds, only Gerba, Pepper, Haas, and 
Teunis made the final cut. In addition to those 15 known authors, 5 new authors were added. 
This new cluster consists entirely of people who were excluded from analysis during Step 1 
because they were associated too closely with more than one field.  
 
Their 609 papers can be partitioned into 5 with coauthors in all four core groups (the three 
originals and the multi-group people), 29 with coauthors in three core groups, 64 from two 
core groups, and 511 from only one of the core groups. The most referenced paper (Mac 
Kenzie et al., 1994), with 90 citations, includes among its authors a core epidemiologist and 
one of the inter-domain core. ISI Web of Science® lists 641 citations for the work; it is one of 
the foundation studies that established the need for MRA. The next most frequently cited 
articles were all coauthored by and cited by people from multiple core groups, and informal 
inspection puts them all in the overlap of disciplines that constitutes MRA.  
 
Alternative Approach: Pre-combining the Seed Authors 
 
One of our assumptions was that QMRA is not mature enough to be examined as a 
discipline unto itself. If this is true, then attempting to analyze it as such should produce 
inadequate results, because there would not be enough cross-citation and coauthorship 
between the authors of the subfields to generate a stable core. When we combined the 
initial 15 seed authors (the first and third rows of Table 2) at the beginning of the analysis, 
the chaining algorithm yields 13 authors in the final set, and only 2 are original seeds. 
Among the losses is W. R. Mac Kenzie, first author of the most cited paper, and one of only 
three epidemiologists in the final result set above. Mac Kenzie’s paper is still included in the 
resulting publications list. 
 
Concluding Remarks 
 
We have demonstrated an approach to use coauthor and citation chaining as a means to 
identify the core authors and works in an emerging multidisciplinary domain. The technique 
works by finding the contextual cores in the new domain’s parent fields, that is, it identifies 
which authors and works are contributing to the new domain but still have strong associations 
with older disciplines. We conducted a basic validation in a single domain, case-based 
reasoning, then showed preliminary results when applied to three subfields within quantitative 
microbial risk assessment. 
 
The studies presented in this paper were conducted as part of the design of a knowledge 
management system to foster scientific collaboration among MRA researchers. The intent was 
to use an automated method to predict which works the researchers in the various subgroups 
would find useful, and especially which works they would find useful to share and to have 
shared with them. Ultimately, the quality of this approach for identifying the core of an emerging 
multidisciplinary domain can be evaluated only by experts in that domain. The knowledge 
management system is not yet fully implemented, so this study serves only as a proof of 
concept. 
 
Limitations of this Study 
 
QMRA is both new and complex as a discipline, and it may be difficult to get a consensus on 
the quality of any domain-spanning analysis without several additional years of data. 
Expanding the chaining technique to fields with radically different publication patterns 
requires variation in the parameters that was not explored systematically as part of this 
study.  Attempting to recombine those contextual cores may require more flexibility than is 
designed here: is a citation in a sociology paper worth the same as a citation in an 
epidemiology paper? As QMRA researchers collaborate with social scientists in the larger 
MRA sphere, the relationships become very complex. 
 
As noted above, the results of the searches on the citation databases were not filtered by 
subject area, and included multiple variations of authors’ names. This requires an 
assumption that authors who have indistinguishable names are publishing in separate fields, 
and that the filtering of papers based on whether they are coauthored by or cite known 
authors will be sufficient to separate the relevant works.  
 
The other typical limitations of bibliometric work also apply. There is no guarantee that all 
relevant works are being considered—if there is a schism in a particular domain across 
which very few people cite, then this technique will not bridge the gap. The citation networks 
are confounded by social networks and related phenomena that cannot be dismissed as 
sources of uncertainty. Further, there is always the question of whether the presence of a 
citation is sufficient to indicate positive relevance, or if degree should be counted, or if 
linguistic cues in the context are necessary for meaningful measurement. 
 
Future Work 
 
Future directions for improving this approach include better handling of inter-group 
collaboration and a more intelligent approach to data integrity. Further testing of values of C 
and ρ are warranted, in addition to more detailed analysis and validation of the centrality and 
group affinities of the authors and works identified. By algorithmically quantifying those 
relationships, a knowledge management system would have a richer representation of the 
domain of microbial risk analysis. 
 
The interdisciplinary nature of quantitative MRA raises another important question in the 
overall research context of fostering collaboration. Given that some collaboration has 
already occurred, will it be possible to distinguish (for example) an epidemiologist’s 
perspective on the core works from that of the dose–response researchers? If so, how does 
the network of papers identified by this automated chaining technique compare to the 
domain model that could be built based on a labor-intensive citation context analysis, and 
the network we expect to evolve as part of the knowledge management system? 
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